Introduction
Iron(ii) spin crossover (SCO) solids are molecule based compounds, commutable between two states in thermodynamic competition: the paramagnetic high-spin state (HS) is stable at high temperatures and the diamagnetic low-spin state (LS) is stable at low temperatures. The two states not only have different magnetic properties, but also different structural and optical properties. Structurally, these two states are characterized by FeÀN bond lengths of around 2.2 Abstract: The compound {Fe(pmd)[Ag(CN) 2 ][Ag 2 (CN) 3 ]} (pmd = pyrimidine) was synthesized and characterized. Magnetic, calorimetric and single crystal visible spectroscopic studies demonstrate the occurrence of a twostep high-spin (HS) Q low-spin (LS) transition. The critical temperatures are T c1 = 185 and T c2 = 148 K. Each step involves~50 % of the iron centers, with the low-temperature step showing a hysteresis of 2.5 K. The enthalpy and entropy variations associated with the two steps are DH 1 = 3.6 AE 0.4 kJ mol À1 and DS 1 = 19.5 AE 3 J K À1 mol À1 ; DH 2 = 4.8 AE 0.4 kJ mol À1 and DS 2 = 33.5 AE 3 J K À1 mol À1 . Photomagnetic and visible spectroscopy experiments show that below 50 K, where the LS state is the thermodynamically stable state, the compound can be switched quantitatively to the HS state using green-red light (550-650 nm). HS-to-LS relaxation experiments in the dark at temperatures between 15 and 55 K show that the relaxation takes place via a twostep cooperative process, which was analyzed in the context of the mean field theory. The crystal structure has been studied at 290, 220, 170, 90 and 30 K together with 30 K after irradiation. The compound adopts monoclinic symmetry (P2 1 /c, Z = 16) at all temperatures. There are five [FeN 6 ] pseudo-octahedral sites linked by pmd, [Ag(CN) 2 ] À and [Ag 2 (CN) 3 ] À bridging ligands to form an unprecedented three-dimensional (6, 6) topology. The structural analysis allows for an understanding of the microscopic mechanism of the two-step behavior of the thermally induced spin transition as well as the corresponding relaxation of the photoexcited compound based on the individual changes of the five sites. Synergy between metallophilic interactions and the spin transition is also shown by the variation of the Ag···Ag distances. Correlations between the variation of the unit-cell volume and the change of Ag···Ag interactions within each step with the asymmetric change of the anomalous heat capacity have also been inferred.
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argentophilic interactions · coordination modes · polymers · spin crossover and 2.0 for the HS and LS states, respectively. However, it is also common to refer to the octahedral volume around the iron centers (~13 3 for HS and~10 3 for LS), as this also takes into account differences in geometry. Switching between the two states may be stimulated by a change of temperature, pressure or by illumination with light. Often, cooperative interactions of elastic origin result in abrupt thermal spin transitions and the presence of hysteresis, which confer to these materials a memory effect. [1] All these features make iron(ii) SCO building blocks particularly suitable for the construction of multi-property materials in which SCO may be combined with other interesting properties, for instance, inclusion phenomena, magnetic exchange or allosterism.
Cyanide-bridged homo-and heterometallic polymers have been shown to exhibit a remarkable diversity of structural types with interesting magnetic, electrochemical, magnetooptical and zeolitic properties. [2] In particular, Hofmann-like clathrate compounds [3] containing iron(ii) ions have led to the development of a number of two-and three-dimensional polymeric SCO networks such as {Fe(L) x [M II (CN) 4 ]}·n H 2 O [L = pyridine, x = 2, n = 0; [4] L = pyrazine, x = 1, n = 2 (n = 2.5 for Pd), [5] M II = Ni, Pd, Pt], which display abrupt thermal and pressure induced transitions and hysteresis at temperatures close to room temperature. [6] The formal replacement of the [M II (CN) 4 ] 2À anions by [M I (CN) 2 ] À groups (M I = Cu, Ag, Au), with trans-bispyridylethylene, 4,4'-bipyridine, 3CNpyridine or pyrimidine (pmd) as ligands, has resulted in new 2D and double or triple interpenetrated 3D SCO polymers. [7] Such compounds combine cooperative SCO properties (magnetic, chromatic and structural) with different chemical properties such as specific host-guest interactions as in {Fe(pyrazine)[M II (CN) 4 ]}·solvent, [8] crystalline-state reactions with allosteric effects as in {Fe(pmd)(H 2 O)-[M I (CN) 2 ] 2 }·H 2 O, [7c] or SCO tuned metallophilicity as in {Fe [Ag(CN) 2 ] 2 }· 1 = 3 H 2 O. [7d] In summary, these materials offer the opportunity to investigate the interplay between different molecular and/or supramolecular components and the collective properties that may arise from the synergy between the individual component properties.
As a new step in this research, we present herein the synthesis and crystal structures (recorded at 290, 220, 170, 90 and 30 K) as well as the magnetic, calorimetric, and optical properties of a novel thermally and optically switchable SCO coordination polymer {Fe(pmd)[Ag(CN) 2 ][Ag 2 (CN) 3 ]}. In addition to the remarkable physical properties, {Fe(pmd)-[Ag(CN) 2 ][Ag 2 (CN) 3 ]} also exhibits an unprecedented 3D topology and strong argentophilic interactions which are intrinsically linked to the SCO. The crystal structure of the photoinduced metastable HS spin state (of which just a handful of only mononuclear compounds have been reported to date), [9] is also reported together with the corresponding HS-to-LS relaxation kinetics monitored using magnetic and visible spectroscopy measurements. The twostep character of the thermal-induced SCO and relaxation process is analyzed phenomenologically by using appropriate models according to the microscopic mechanism de-duced from the thorough structural analysis of this singular polymer.
Results and Discussion
Synthesis: As described in the Experimental Section, the synthesis of the title compound results in a mixture of two very different crystalline phases. These phases have very different structural and physical properties, and those for {Fe(pmd)(H 2 O)[Ag(CN) 2 ] 2 }·H 2 O will not be discussed here in detail since they have been published previously elsewhere.
[7c] However, it is worth mentioning that one of the key characteristics of this compound is its ability to undergo a controlled and fully reversible crystalline-state ligand substitution, involving reversible coordination/uncoordination of gaseous water and pmd.
In spite of the low yield of the title compound {Fe(pmd)-[Ag(CN) 2 ][Ag 2 (CN) 3 ]}, its synthesis is perfectly reproducible and relatively large amounts may be obtained. The very different texture and size make it easy to separate the crystals of the title compound from those of the other compound, especially as they grow in quite different parts of the Hshaped diffusion vessel.
In addition to elemental analysis, the purity of the samples can be independently checked from the temperature dependence of the magnetic susceptibility, anomalous heat capacity and electronic spectroscopy (visible spectroscopy). Given that {Fe(pmd)(H 2 O)[Ag(CN) 2 ] 2 }·H 2 O undergoes a very sharp SCO transition at a well defined temperature (centered at 219 K with a 8 K hysteresis), even very small amounts of this compound (1-2 %) would be detected in the massive samples used for magnetic, photomagnetic and calorimetric measurements of the title compound. Such signals have not been observed.
Besides its singular magnetic and structural properties, the main difference between the title compound and {Fe(pmd)(H 2 O)[Ag(CN) 2 ] 2 }·H 2 O is the occurrence of the relatively rare [Ag 2 (CN) 3 ] À anion. This species has been previously identified by Brunner, [10] Iwamoto [11] and Leznoff [12] and co-workers in crystals of coordination polymers. However, the species [Ag 2 (CN) 3 ] À has never been observed in solution or isolated in crystals of single salts. The formation of this species requires some degree of lability in the thermodynamically stable precursor [Ag(CN) 2 ] À ; its overall formation constant is b 2 = 10 20.44 . [13] According to Leznoff and coworkers the incorporation of [Ag(CN) 2 ] À and [Ag 2 (CN) 3 ] À into the final polymer is the result of competition between the two moieties and their associated equilibria. This competition is influenced by the solvent medium, reagent concentrations and overall stability and solubility of the final product. In the present case, the diffusion method creates appropriate conditions, that is, low concentration of [Ag(CN) 2 ] À and extended reaction time, which favors the dissociation of [Ag(CN) 2 ] À to give [Ag 2 (CN) 3 ] À . In this respect, it is worth noting that while the isostructural gold analogue of {Fe(pmd)(H 2 O)[Ag(CN) 2 ] 2 }·H 2 O can easily be iso-lated, the compound {Fe(pmd)[Au(CN) 2 ][Au 2 (CN) 3 ]} has not yet been isolated. This fact is in agreement with the comparative studies dealing with the lability of aqueous Ag I and Au I cyanide complexes. [14] Magnetic and photomagnetic measurements: Figure 1 shows the thermal dependence of the c M T product (black diamonds) of the title compound as a function of temperature, where c M is the molar magnetic susceptibility and T is the temperature. At 300 K, c M T is equal to 3.54 cm 3 K mol À1 , which is within the range of values expected for iron(ii) ions in the HS state. As the temperature is lowered, c M T initially remains almost constant and then starts to decrease quite steeply below 225 K to a value of 1.85 cm 3 K mol À1 at 175 K. The critical temperature for this step is T c1 = 185 K. In the temperature range 177-155 K, c M T varies very smoothly around the value of 1.80 cm 3 K mol À1 and defines a plateau involving about 50 % of iron(ii) atoms (HS molar fraction g HS % 0.5). For temperatures below 155 K, c M T experiences a new sharp drop and reaches a value of 0.15 cm 3 K mol À1 at 130 K, which indicates that the SCO is virtually complete. The magnetic behavior in the warming and cooling modes indicates the occurrence of a narrow hysteresis loop about 1.5 K wide for the low-temperature step, with critical temperatures T c2 fl = 146 K and T c2 › = 147.5 K, and no appreciable thermal hysteresis for the high-temperature step.
Photogeneration of the metastable HS state at low temperatures, the so-called Light-Induced Excited Spin-State Trapping (LIESST) experiment, [15] was carried out on a microcrystalline sample (0.46 mg). The results are displayed in Figure 1 . As before, the magnetic response was measured in the cooling mode (cooling rate 2 K min À1 ) from 300 K down to 10 K with an applied magnetic field of 1.5 T (black diamonds). At 10 K, the sample was irradiated with green light (550 nm) for 150 min, the time required to reach a saturation value of c M T % 1.63 cm 3 K mol À1 (triangles), which apparently represents about 46 % of LS!HS conversion, from comparison with the room temperature value of c M T. The light irradiation was then switched off, and the temperature was first decreased to 2 K and then increased to 200 K at 0.5 K min À1 . In the temperature region 2-48 K, c M T increases up to a value of 2.35 cm 3 K mol À1 (open circles). This increase of c M T indicates a thermal population of the different microstates arising from zero-field splitting of the S = 2 excited state and/or weak iron(ii)-iron(ii) antiferromagnetic interactions, which is expected to occur in the one-dimensional single-bridged [Fe(pmd)] ¥ chains (see below). [16] This fact suggests that the light-induced population of the HS state is virtually complete at 10 K. At temperatures greater than 40 K, c M T drops rapidly in two steps to reach a value close to 0.25 cm 3 K mol À1 at 60 K, indicating the occurrence of a complete HS!LS relaxation. This relaxation process, studied at different temperatures in the SQUID magnetometer (see Supporting Information) agrees quite well with that monitored by means of visible spectroscopy and that performed on a small single crystal (see below).
Crystallography: The crystal structure of the title compound was studied at 290, 220, 170, 90, 30 and at 30 K after irradiation with red light (l = 633 nm). The compound crystallizes in the monoclinic system (P2 1 /c, Z = 16) and does not change symmetry irrespective of temperature and light irradiation. Crystal and refinement data can be found in Table 1 . The structural motifs in this material are essentially the same at all temperatures, with changes in bond lengths and angles in keeping with the characteristic structural changes of the spin transition. Consequently, during the description of the structural features at temperatures other than 290 K, the emphasis is put on these changes.
Crystal structure at 290 K: The crystal structure consists of an intricate 3D net, whose knots are defined by five crystallographically inequivalent iron atoms. With Z = 16, there are five crystallographically independent iron atoms in the asymmetric unit of which two [Fe(4) and Fe(5)] are located on inversion centers. Thus, in the asymmetric unit there is a total of four iron atoms: three full iron atoms [Fe(1), Fe(2) and Fe(3)] and half of Fe(4) and Fe (5) . All five iron atoms lie at the center of strongly distorted [FeN 6 ] coordination units. The equatorial bond lengths (Fe-N eq ) are defined by the nitrogen atoms of the [Ag(CN) 2 ] À and [Ag 2 (CN) 3 ] À groups and are shorter than those of the axial bond lengths (Fe-N ax , see Supporting Information and Table 2 ). The axial positions are occupied by the nitrogen atoms of the pmd groups, which act as bridging ligands between iron centers, forming chains (see Figures 2 and 3 ). The average Fe-N distances of 2.13-2.18 are consistent with the HS state as observed from the magnetic data at 290 K. Consequently, all five non-equivalent iron atoms have very similar octahedral volumes (see Table 3 ), [17] which are within the expected range found for other high spin FeN 6 octahedrons. [9a,c] The five different iron atoms in the asymmetric unit present different coordination "motifs". Each iron atom has a different number and arrangement of the [Ag(CN) 2 ] À and [Ag 2 (CN) 3 ] À anions around it, which connect the iron atoms together in a complex way (see Figure 2 ). One of the most important points regarding this connectivity is that Fe(5) is The adjacent iron layers are connected through [Ag(CN) 2 ] À and [Ag 2 (CN) 3 ] À bridges. They can also be seen as separated by dense layers of Ag atoms (Figure 3b ), where strong argentophilic interactions are observed. These ligand unsupported Ag···Ag interactions define linear trinuclear, angular trinuclear and hexanuclear moieties (see Figure 4 ). The shortest Ag···Ag distances between [Ag(CN) 2 ] À and [Ag 2 (CN) 3 ] À are in the range 2.98-3.02 (see Table 4 ), only slightly longer than that in Ag metal (2.89 ). [18] The title compound formally has a close relationship with {Cd(pz)[Ag(CN) 2 ][Ag 2 (CN) 3 ]} (pz = pyrazine), which was reported by Iwamoto and co-workers. [11] This compound is made up of an infinite stack of parallel {Cd[Ag(CN) 2 ] [Ag 2 (CN) 3 ]} ¥ layers in which the rectangular motifs {Cd[Ag(CN) 2 ][Ag 2 (CN) 3 ]} 4 define the grids of the frame. The layers are stacked one on top of each other and connected by the pz bridges through axial coordination of the Cd II ions, defining a porous 3D network. The empty space allows the triple interpenetration of three additional identical networks (Figure 5a ). In contrast, the title compound {Fe(pmd)[Ag(CN) 2 ][Ag 2 (CN) 3 ]} ¥ defines a 3D network with a very complex topology, where the pmd group plays the role of an auxiliary bridging ligand. However, the pmd ligands play an essential role in the conformation of the framework, as the meta (or 1,3) disposition of their donor nitrogen atoms imposes a particular orientation on the basal coordination planes [Fe-(NCAg-) 4 ]. Thus, the dihedral angle between two consecutive [Fe-(NCAg-) 4 ] planes is about 628 instead of 08 as seen in the pz derivative (see Figure 5b ). This arrangement of the [Ag(CN) 2 ] À and [Ag 2 (CN) 3 ] À ligands in the equatorial coordination plane, together with the five different Fe centers, generates an intricate network, which can be considered as self-interpenetrated. The connectivity of a particular chain, for example, -[Fe(2)-pmd-Fe(3)] ¥ -, to four other chains (-[Fe(1)-pmd-Fe(1)] ¥ -and -[Fe(4)-pmd-Fe (5)] ¥ -), shows the (6,6) topology of the network ( Figure 6a ). [19] Each approximately rectangular circuit (4), respectively]. This is in line with the~4 % LS state observed from the magnetic data at this temperature and is consistent with a change in volume between 290 K and 220 K of only around 0.4 %. The Fe-Fe distances within the -[Fe-pmd-Fe] ¥ -chains have shortened by an average of 0.022(2) with respect to their values at 290 K [Fe(1)···Fe(1) 6.1274(2) ; Fe(2)···Fe(3) 6.155(1) , Fe(3)···Fe(2) 6.131(1) and Fe(4)···Fe(5) 6.1270(2) ]. The shortest Ag···Ag contacts are still in the same range as at 290 K.
Crystal structure at 170 K: At 170 K, the system is situated half-way between the first and the second step of the spin transition ( Figure 1 ). The change in the unit cell volume between the HS state (220 K) and the intermediate state (170 K) is around 3.3 %, clearly indicating the presence of a HS Q LS spin transition (Table 1 ). The variation of the unit cell volume associated with the first step has been evaluated as DV 1 = V(220 K)*ÀV(170 K) = 215 3 , where V(220 K)* is the volume at 220 K corrected for the smooth spin change of~4 % (~30 % of the Fe(5) ions) in the temperature range 290-220 K (see Supporting Information for more details). This corresponds to 26.9 3 per spin changing complex in the high-temperature step. In addition, this change in the spin state is accompanied by a sharp change of the crystals color from yellow to red.
The average Fe-N av bond lengths (Table 2) show that now only those bond lengths corresponding to Fe(2) À N and Fe(4)ÀN [2. 16(5) and 2.15 (3) , respectively] are consistent with a HS state. While those for Fe(3)ÀN and Fe(5)ÀN are consistent with a LS state [1.96(2) and 1.94(3) , respectively], the Fe(1)ÀN distance appears to be in an intermediate situation [2.04 (3) ]. The average change DR(Fe-N) on spin change, 0.2 , is consistent with a full HS-to-LS change for Fe(3) À N and Fe(5) À N while DR(Fe-N) = 0.11 for Fe(1)-N suggests a mixing of HS and LS states. In terms of volumes of the coordination octahedrons, those for Fe(2) and Fe(4) are 13.40 and 13.26 3 , those for Fe(3) and Fe(5) are 10.01 and 9.72 3 , while for Fe(1) there is an intermediate value of 11.33 3 ; these values are in agreement with the rationalization above.
The Fe-Fe distances within the -[Fe-pmd-Fe] ¥ -chains have also shortened on average by a further 0.165(4) , with respect to their values at 220 K [Fe(1)···Fe(1) 5.9637 (3) , Fe(2)···Fe(3) 5.987(2) , Fe(3)···Fe(2) 5.966(2) and Fe(4)···Fe(5) 5.9633 (3) ]. The shortest Ag···Ag contacts now split in two groups, one around 2.97(1) and the other at 3.00(1) , the latter still in the same range as at 290 K (see Table 4 ).
The data reveal that an alternating arrangement exists of -[HS-LS-HS] ¥ -states in the two chains formed by two inequivalent iron atoms, namely -[Fe(2)-pmd-Fe (3)] ¥ -and -[Fe(4)-pmd-Fe(5)] ¥ -). Meanwhile, from the Fe-N distances and octahedral volume, it seems that only half of the Fe(1) atoms change spin state, as the diffraction technique only "sees" an average of these two states. In principle, if this change were produced in an orderly manner, a change of the symmetry should be observed in the diffraction data. However, any additional reflections that would arise from this change would be very weak. As the present diffraction data is not of sufficiently high quality, the apparent absence of additional reflections at the plateau temperature does not exclude long-range ordering and the formation of alternating -[HS-LS-HS] ¥ -Fe(1) chains. Indeed, a random distribution of half of these ions in different spin states within the crystal could produce strains which could lead to the destruction of the crystal itself, which was not observed. In addition, the formation of alternating high-and low-spin iron centers in the other chains supports the idea that ordering may be present in the Fe(1) chain.
It is worthwhile pointing out that only a few well-documented examples of two-step SCO transitions have been reported. The first of these examples is the mononuclear complex [Fe(2-pic) 3 ]Cl 2 ·EtOH (2-pic = 2-picolyl-amine). [20] For this compound, there is only one crystallographically distinct iron center in both the HS state and in the LS state. [21] The nature of the intermediate phase formed in the plateau has been revealed in a recent detailed structural study performed over a wide range of temperatures. [22] In contrast to previous studies, [23] this new structural analysis clearly establishes that long-range order occurs defining infinite -[LS-HS-LS]-chains of [Fe(2-pic) 3 ] 2 + molecules in the plateau. Within each chain, the molecules interact with each other strongly via hydrogen bonding through Cl À anions and EtOH solvent molecules. Using synchrotron radiation, Bürgi and co-workers found additional Bragg reflections that indicated the presence of a superstructure caused by the separation of the unique iron center into two and, consequently, a doubling of the unit cell size. [22] However, these reflections had not been observed for this compound during earlier experiments using laboratory X-ray sources.
A second relevant example of two-step SCO is provided by the monomeric compound {Fe[5-NO 2 -sal-N(1,4,7,10)]}, where 5-NO 2 -sal-N(1,4,7,10) is a hexadentate ligand synthesized from the condensation of 5-NO 2 -salicylaldehyde with 1,4,7,10-tetraazadecane. For this compound the two-step conversion occurs in the same temperature range as two crystallographic phase transitions, which enables the identification of two equally distributed sets of molecules in the crystal. [24] Another case of interest here is that of {Fe[HC(3,5-Me 2 pz) 3 ] 2 }(BF 4 ) 2 (where HC(3,5-Me 2 pz) 3 = tris(3,5-dimethylpyrazolyl)methane), in which there is only one iron(ii) site at room temperature, but following a crystallographic phase transition, two different sites, one in the LS state and the other in the HS state, appear in the middle of the plateau. [25] Thermal and pressure induced step-wise transitions have also been observed in the binuclear compounds {Fe[L(NCX) 2 ] 2 (bpym)} where bpym is 2,2'-bipyrimidine, X = S or Se and L = bpym or bt (bt = 2,2'-bi-2-thiazoline). [26] The crystal structure of {Fe[bt(NCS) 2 ] 2 (bpym)} has been recently studied at different temperatures including the plateau where the iron(ii) ions in each binuclear unit are expected to define non-centrosymmetric HS-LS spin pairs. [27a] In this compound the two-step character cannot be attributed to the existence of two crystallographically inequivalent iron(ii) sites, as all the Fe atoms are equivalent in the whole range of temperatures. The occurrence of two steps was attributed to a synergistic effect between intramolecular interactions favoring HS-LS species and intermolecular interactions fa- Finally, the only polymeric system in which a two-step spin transition has been described is the 3D compound [Fe(btr) 3 ](ClO 4 ) 2 (btr = 4,4'-bis-1,2,4-triazole). In this particular case, the reason for the observation of the two steps is the occurrence of two crystallographically inequivalent iron(ii) sites with slightly different ligand field strengths and, consequently, different values of DH and DS and critical temperatures. [28] So, in these cases a variety of behavior has been seen, but these examples demonstrate that there is precedence for ordering and the examples like those discussed by Bürgi and co-workers show how an inability to find evidence of ordering may be due to limitations of the experiment rather than an absence of order.
Thus, despite the differences, a comparison deserves to be made between the title compound and the bpym-bridged iron(ii) dinuclear compounds. In the dinuclear compounds the species that determine the occurrence of the plateau have been identified as distinct HS-LS spin pairs, by using a combination of Mçssbauer spectroscopy in the presence of a magnetic field (5 T) and the LIESST effect at 4.2 K. [29] Similarly, the pmd bridged iron chains in the present work form alternating -[HS-LS-HS] ¥ -chains unequivocally for Fe(2)-Fe(3) and Fe(4)-Fe(5) atoms. Consequently, it is reasonable to think that the bridging ligand (bpym or pmd) plays an important role in the stabilization of the unlike-spin species in the plateau. Indeed, electronic communication between the iron(ii) centers takes place through the bpym bridge, hence similar effects should be expected for the pmd bridge. For this reason and despite the lack of crystallographic evidence, we believe that there may be a HS-LS ordering in the Fe(1) chains at the plateau between the transitions.
Crystal structures at 90 and 30 K: At these temperatures the spin transition is complete, and the values of the reported structural parameters adjust accordingly. The change of the unit cell volume (Table 1) between the intermediate state (170 K) and the LS state (90 and 30 K) is around 4.1 %, clearly indicating a further HS-LS spin transition and the crystals color goes now from red to a darker red. The average Fe-N eq and Fe-N ax bond lengths of 1.96 for all iron centers (Table 2 ) are now consistent with an overall LS state as observed from the magnetic data. As above, the unit cell volume difference due to the spin transition for the second, low-temperature step DV 2 = V(170 K)ÀV(90 K) = 250.6 3 or 31.3 3 per spin changing center.
The Fe-Fe distances within the -[Fe-pmd-Fe] ¥ -chains have shortened now by an average of 0.173(4) with respect to their values at 170 K [Fe(1)···Fe(1) 5.7935 (3) , Fe(2)···Fe(3) 5.812(2) , Fe(3)···Fe(2) 5.7887(2) and Fe(4)···Fe(5) 5.7919 (3) ]. The shortest Ag···Ag contacts are again back in one group at around 2.94(1) (see Table 4 ).
Crystal structure at 30 K after irradiation with light: The change of the unit cell volume (see Table 1 ) between the LS state (30 K) and the light induced HS state (30 K) is around 7.4 %, clearly suggesting a substantial LS to HS spin conversion. In addition, the crystal color goes from red back to yellow. As seen in Table 2 , the average Fe-N eq and Fe-N ax bond lengths for Fe(1) to Fe(4) are consistent with a HS state, as observed from the magnetic data. The values for Fe (5) , however, are consistent with a LS state. Fe(5) represents 12.5 % of the total iron centers in the unit cell. We have already noted that Fe(5) is more prone to adopt the LS state than Fe(1) to Fe(4) and as we have indicated above,~30 % of Fe(5) is in the LS spin state at 220 K (~4 % of the total Fe content). Thus, Fe(5) must have a larger energy difference between the HS and LS potential energy wells and, consequently, a lower HS!LS activation energy barrier than the rest of the other iron atoms. A similar reasoning may be applied to 1 = 2 Fe(1) and Fe(3) with respect to the other iron atoms [ 1 = 2 Fe(1), Fe(2) and Fe(4)] as the former set of iron atoms are the next to change their spin state, as shown by the structural data at 170 K.
Thus at 30 K 87.5 % of the spin centers possess a lifetime of the light-induced HS state as long as required for the crystallographic measurements carried out in this case. Upon irradiation the unit cell volume was found to have increased by 460 3 , corresponding to 32.9 3 per spin changing center.
The Fe-Fe distances within the -[Fe-pmd-Fe] ¥ -chains have increased by an average of 0.319(5) with respect to their values at 30 K before irradiation and differ from their values at 290 K by only 0.057(2) [Fe(1)···Fe(1) 6.092(1) , Fe(2)···Fe(3) 6.116(5) , Fe(3)···Fe(2) 6.100 (5) and Fe(4)···Fe(5) 6.091(1) ]. The shortest Ag···Ag contacts are back in the range 2.98-3.02 , almost the same range as at 290 K (Table 4 ).
Differential scanning calorimetry (DSC) measurements:
The calorimetric measurements were carried out in the 300-120 K temperature range. A smooth line was interpolated from the values in the normal regions. The heat capacity due to the transition was deduced by subtraction of this baseline. The temperature dependence of the anomalous heat capacity, Dc p , in the warming mode is shown in Figure 7 . The Dc p versus T curve shows the occurrence of two asymmetric peaks, one for each step, at T c1 = 185.2 and at T c2 = 147.7 K. These values agree well with those observed from the c M T versus T plot in the heating mode. The overall enthalpy (DH) and entropy (DS) variations associated with each step determined from the DSC curves are, DH 1 = 3.6 AE 0.4 kJ mol À1 , DH 2 = 4.8 AE 0.4 kJ mol À1 and DS 1 = 19.5 AE 3 J K À1 mol À1 , DS 2 = 33.5 AE 3 J K À1 mol À1 . The overall variations DH = 8.4 kJ mol À1 and DS = 53 J K À1 mol À1 are within the experimental range generally observed for iron(ii) SCO compounds. [30] It is worth noting that a symmetric distribution of DS between the two steps should be expected. However, DS 1 is significantly smaller than DS 2 . This fact is most probably related to the different unit cell volume variations associated with the two steps: DV 1 = 215 and DV 2 = 250.6 3 for the first and the second step, respectively. As DV 2 > DV 1 , the contribution of low frequency phonons to the entropy change is expected to be larger for the second step.
Closely related to these facts are the changes observed in the intermetallic Ag···Ag distances upon SCO. The most significant variations range between 0.040 , [Ag(8)···Ag(9)], and 0.180 [Ag(10)···Ag (11) ], in the temperature interval 290-90 K. When comparing the variations of the Ag···Ag distances occurring in each thermally induced step (first step is 170-290 K and second step is 90-170 K), it becomes apparent that only 37.5 % of the total variation takes place in the first step. This is probably the reason why the title compound displays an asymmetric variation in the unit cell volume and, consequently, in DS and Dc p . In addition, the structure at 30 K after irradiation also shows significant changes in the Ag···Ag distances stemming exclusively from the spin change (see Table 4 ). These results support the occurrence of a synergy between SCO and metallophilic interactions and as such are only the second example where this has been seen (the first was recently observed in the compound {Fe(3-cyanopyridine) 2 [Ag(CN) 2 ] 2 }· 2 = 3 H 2 O, which is made up of triple interpenetration of an expanded version of the NbO structure). [7d] Visible absorption spectroscopy: Figure 8a and b display the single crystal absorption spectra obtained during the thermal transition for descending and ascending temperatures, respectively. As the temperature is lowered a band grows in intensity with a maximum at~525 nm. At the same time there is an important increase in intensity below 500 nm, so that the 525 nm band appears only as a shoulder on the tail of the intense high-energy transition. Whereas this highenergy transition can be attributed to a metal-ligand charge transfer (MLCT) transition, the intensity of the band at 525 nm is in line with a d-d transition of the low spin state, more precisely with the spin-allowed 1 A 1 ! 1 T 1 transition. Already qualitatively there is a clear indication of a step-wise transition. The molar fraction of iron(ii) centers in the highspin state, g HS , can be determined from the relative integrated intensity of the characteristic LS absorption between 500 and 650 nm. The corresponding two-step thermal spin transition curve is presented in Figure 9 . It closely resembles the c M T curve of Figure 1 . In particular, the critical temperature for the high temperature step, T c1 = 185 K is identical. The lower temperature step is accompanied by a small hysteresis, with descending and ascending critical temperatures T c2 fl and T c2 › of 147.5 and 150.0 K, respectively. At 2.5 K, the hysteresis is slightly larger than in the corresponding magnetic measurements and the curves are somewhat more abrupt. The key difference between the magnetic and the optical measurements is that the latter were performed on one single crystal, whereas for the former, a collection of micro-crystals with a certain size distribution were used. This is reflected in the apparently less abrupt transition observed in the magnetic measurements.
Even though according to the crystallographic measurements the spin transition for Fe(5) begins at a slightly higher temperature than for all the other iron centers, the five iron centers can thermodynamically be broken down into two sets: the first set contains Fe(3), Fe(5) and half of the Fe(1) atoms, which undergo the SCO transition during the high temperature step; the second set contains Fe(2), Fe(4) and the other half of Fe(1), which undergo the SCO transition during the low temperature step. Each set thus contains the same number of centers. In order to simulate the thermal spin transition, a simple model, which implies the presence of just two different sets of iron centers, was considered. The variation of the Gibbs free energy for the two sets can be written as Equation (1):
where DH 1,2 are the enthalpy variations, and DS 1,2 are the entropy variations for the two sets. g HS1 and g HS2 are high spin fractions for each step and both taken to go from 0 to 1, and the total high spin fraction g HS = (g HS1 + g HS2 )/2. DS 1 and DS 2 can directly be identified with the entropy variations associated with the two steps obtained by the calorimetric measurements according to Equation (2):
and
For the enthalpy variation this is not the case. As a result of cooperative effects of elastic origin, DH 1 and DH 2 are functions of the HS fractions on both sets, g HS1 and g HS2 . The values determined from the calorimetric measurements correspond to the value at the transition temperature of each partial transition according to Equation (3):
In mean-field approximation DH 1 and DH 2 as functions of the high-spin fractions in the two sets can be expressed as follows: [31] DH 1 ðg HS1 ,g HS2 Þ ¼ DH 0 1 À 2G 11 ðg HS1 À 1 = 2 Þ À 2G 12 ðg HS2 À 1Þ ð4aÞ
where G 11 and G 22 are the interaction constants for the interaction within the two sets and G 12 and G 21 are the interaction constants between the two sets. Whereas the former are always positive, that is favoring the majority species in a "ferromagnetic-like" fashion, the latter can have either sign. From these expressions the following system of coupled equations can be obtained by Equation (5):
This system of coupled equations can be solved numerically for any set of parameters. In order to reduce the number of parameters taken into account in the simulations, G 12 = G 21 is assumed. The numerical solution obtained by using the above values for DH 0 1 , DH 0 2 , DS 1 , and DS 2 and by optimizing G 11 and G 22 are presented in Figure 9 , together with the ex-perimental data. Because of the large difference in the critical temperatures of the two steps, the simulations are insensitive to the value of G 12 , that is, to the interaction constant between the sets. The step is basically due to the two different values of DH 0 for the two sets of centers. With values of 2.8 kJ mol À1 and 3.1 kJ mol À1 for G 11 and G 22 , respectively, the interaction constants within each set are quite large. While they are not quite large enough to produce a hysteresis in the first step at 185 K they produce a small hysteresis for the second step at 148 K. The discrepancy between the calculated and the experimental curves at high temperatures results because the model with just two sets of centers is too crude. The fact that the experimental curves for the first step are much steeper than predicted by the simple model indicates that G 12 and G 21 are not zero. Although it is not possible to quantify them, the interactions between the two sets of centers are thought to be responsible for the splitting of the Fe(1) centers into the two sets, and therefore are of an "antiferromagnetic-like" nature.
LIESST effect and relaxation of the light-induced HS state: Figure 8c shows the bleaching of the band at 525 nm upon irradiation at 10 K with 647 nm light from a Kr + laser. Even though this wavelength is in the low energy tail of the intense low spin band, the light induced conversion to the HS state is quite efficient (see inset Figure 8c ). A rough estimate indicates a quantum efficiency of at least 50 %. The complete bleaching of the absorption band signifies that in the thin single crystal the light-induced conversion to the HS state occurs quantitatively at 10 K. Relaxation of the light induced HS state was followed both by magnetic susceptibility measurements as well as by absorption spectroscopy. Figure 10 shows HS!LS relaxation curves in the dark using the latter technique for temperatures between 15 and 55 K. At the lowest temperature, a fraction of between 5 and 10 % of all iron centers relaxes comparatively rapidly, that is within less than 3 h. In accordance with the structural results at 290, 220, 170 and particularly at 30 K after irradiation, this fraction has to be attributed to Fe (5) , which has the largest driving force for the relaxation back to the LS state at low temperatures. At 15 K, around 12.5 % of iron centers relax in 20 h. This amount coincides with the percentage of Fe (5) in the unit cell. The remaining iron centers do not noticeably relax back to the LS state within the same period. At 25 K a total fraction of about 40 % relax to the LS state within 15 h. Thus, in addition to the 12.5 % of Fe(5) centers another 27.5 % relax at this temperature within this time. The crystallographic data recorded at 170 K indicate that the most destabilized HS atoms apart from Fe(5), are the 1 = 2 Fe(1) and Fe(3) centers (see Table 2 ), which all belong to the set of iron atoms undergoing the SCO transition during the first, high temperature step in the thermal transition. No clear evidence for the spin state relaxation of the 1 = 2 Fe(1)-Fe(3) subgroup from the crystallographic data at 30 K, after irradiation, was observed.
At somewhat more elevated temperatures, that is between 40 and 55 K, all iron centers relax to the LS state within less than 20 h. In accordance with the thermal spin transition they do so in two steps. Both steps show the typical sigmoidal self-accelerated shape due to the cooperative effects. [23] The experimental curves at these elevated temperatures actually start at a total HS fraction of 85-90 %, because Fe(5) decays on a much faster time scale at higher temperatures. Following the spirit of the treatment of the thermal spin transition and ignoring the finer details, the iron centers can again be grouped into two sets. As before, set 2 comprises Fe(2), Fe(4) and half of Fe(1) and set 1 comprises Fe(3) and the other half of Fe(1). Fe(5) is left out because of its faster relaxation at these temperatures. In a mean-field approximation the relaxation rate constants for the two sets at a given temperature depend upon the LS fraction according to: [23] dg HS1 dt
with g HS1 and g HS2 both going from 1 at the beginning of the relaxation to 0 at the end. The total HS fraction is given by g HS = ( 3 = 4 g HS1 + g HS2 )/2. k 0 HL1 and k 0 HL2 are the relaxation rate constants at a nominal total HS fraction of 7 = 8 , that is at the beginning of the relaxation curves, and a 11 and a 22 are the cooperativity parameters describing the self-accelera-tion. As for the interaction parameters G 12 and G 21 , a 12 and a 21 describe the interaction between the two sets. Since the two sets of iron centers relax on different time scales, it is not possible to actually extract a 12 and a 21 from the experimental data. So, during the first step in the relaxation curve, g LS2 remains virtually zero, during the second step g LS1 has essentially reached a value of 1. Thus, with g LSi = 1 À g HSi , Equation (6) 
This pair of differential equations can be solved numerically. The best fit values for a 11 and a 22 together with k 0 HL1 ' and k 0 HL2 ' are given in Table 5 . The corresponding calculated relaxation curves are included in Figure 10 . In mean-field approximation and in the thermally activated region the acceleration factor a % G/k B T. [23] Thus, as expected, a 11 and a 22 both decrease with increasing temperature and a 11 is somewhat smaller than a 22 . However, the absolute values of the acceleration parameters are substantially smaller than G/ k B T. There are several reasons for this: a) 40 to 50 K is not fully in the thermally activated region, b) there is a comparatively large inhomogeneous distribution of the zero-point energy difference and c) the specific nearest neighbor interactions of the "antiferromagnetic" type influence the relaxation behavior. Unfortunately, it is not possible to differentiate between the three unambiguously. However, the fact that the crystallographically equivalent Fe(1) centers are again shared by the two sets supports the previous conclusion that nearest neighbor interactions of an "antiferromagnetic-like" type must be present.
Light induced thermal hysteresis: Some years ago, Desaix et al. [32] and LØtard et al. [33] showed that continuous photoexcitation can maintain a considerable fraction of the iron centers in the high spin state at temperatures where normally the relaxation is already quite fast. This photoexcitation together with the cooperative relaxation leads to the so-called Light Induced Thermal Hysteresis (LITH), [32, 33] where a fraction of the complexes is maintained in the HS state in a pseudo steady-state under continuous irradiation while the temperature is slowly scanned typically from 10 up to Figure 10 . HS!LS relaxation curves recorded at different temperatures from optical measurements following quantitative photoexcitation at 10 K. Experimental data (*) and simulations (c). Table 5 . Parameter values obtained from simulation of the two relaxation steps: a 11 and a 22 account for cooperativity, k 0 HL1 ' and k 0 HL2 ' are the initial rate constants. Figure 11 , was recorded at a constant temperature scan rate of 4 K per hour, by using the 647 nm line of a Kr + laser with an intensity at the sample of 4 mW mm À2 . As for the thermal spin-transition, the LITH cycle shows two steps. The set of iron centers belonging to the low temperature step in the LITH cycle corresponds to the faster relaxing centers in the relaxation curves of Figure 10 and therefore they belong to the set of the high-temperature step of the thermal spin transition. The second step in the LITH curve corresponds to the centers, which relax slower and therefore belong to the lowtemperature step in the thermal transition curve. The LITH cycle can be simulated by using the following system of coupled differential equations with the terms (1 À g HSi )Is added to account for the photoexcitation: dg HS1 dt ¼ ð1 À g HS1 ÞIs À k 0 HL1 0 ðTÞ g HS1 e ða 11 ðTÞð1 À g HS1 ÞÞ ð8aÞ
dg HS2 dt ¼ ð1 À g HS2 ÞIs À k 0 HL2 0 ðTÞg HS2 e ða 22 ðTÞð1 À g HS2 ÞÞ ð8bÞ
where I is the radiation intensity, and s is the absorption cross section at the irradiation wavelength of 647 nm. The numerical solution of these equations was performed by using the parameters for a 11 , a 22 , k 0 HL1 ' and k 0 HL2 ' as a function of T taken from Table 5 , and by setting the temperature scan speed to the experimental speed of 4 K h À1 and Is = 0.002 s À1 . The calculated curves for the up and down temperature scans are included in Figure 11 . The agreement between calculated and experimental curves is satisfactory. The fact that the hystereses are steeper in the experimental curves than in the simulations indicates that the mean-field treatment has its limitations.
Concluding Remarks
In this paper we have described the synthesis, structure and physical properties of a new coordination polymer, which presents an unprecedented (6,6)-network topology. This polymer is a singular material as there are five crystallographically distinct iron(ii) sites. These sites display small differences in the axially distorted [FeN 6 ] coordination octahedrons interlinked by three different bridging ligands namely pmd, [Ag(CN) 2 ] À and [Ag 2 (CN) 3 ] À . These three different ligands impose vastly different iron-to-iron separations due to the different lengths of the bridges: 6.2, 10.15 and 15.6 , respectively. The iron(ii) sites are distinguished via the number and distribution of the [Ag(CN) 2 ] À and [Ag 2 (CN) 3 ] À ligands that define the equatorial plane of the octahedrons, as well as the different connectivity between iron sites through these bridges. The silver-cyanide system of bridges connects all the iron(ii) atoms together leading to an intricate 3D network {Fe[Ag(CN) 2 ][Ag 2 (CN) 3 ]} ¥ . Such amazing coordination at each site imposed by the coordination topology of the bridging pmd ligands determines the occurrence of self-interpenetration of the (6,6) {(Fe-pmd-Fe-pmd-Fe) 2 -L 2 , where L = [Ag(CN) 2 ] À or [Ag 2 (CN) 3 ] À } circuits. As far as we are aware, no example of such a network has been reported to date and this coupled with the occurrence of strong argentophilic interactions within the network, make the title structure truly remarkable.
Magnetic susceptibility measurements reflect the occurrence of a two-step spin transition involving each step ca. 50 % of the iron(ii) sites. This process is accompanied by a drastic color change from yellow (HS) to deep red (LS). Taking advantage of this color change, the two-step transition has also been monitored using single-crystal electronic spectroscopic studies in the visible region. The results from the bulk magnetic studies and single-crystal optical studies match well. The thermodynamic parameters associated with the two-step transition have been calculated from the anomalous heat capacity, c p , of the title compound. As expected, a graph depicting c p versus T is characterized by two maxima centered at around T c1 = 185 K and T c2 = 148 K, respectively. However, the maxima display significantly different values of c p and, consequently, different entropic contributions for each step. DS 1 (for the high temperature transition) is noticeably smaller than DS 2 .
Diffraction studies show a similar structural behavior on cooling, with two steps clearly visible. Data collected at the intermediate plateau reveal that only half of the iron centers are LS, arranged in chains of alternating -LS-HS-LS-HScenters. In the same way, argentophilic interactions are found to follow a stepwise change, with about 40 % of the total change observed taking place in the high temperature step. The unit cell volume variation is also noticeably smaller than that of the second, low temperature step, establishing a direct link between both events and the change in entropy. Synergy between metallophilic interactions and the SCO phenomenon has already been reported in previous Figure 11 . Light-induced thermal hysteresis (LITH): experimental data (! descending temperature,~ascending temperature) and simulations (c) as described in the text. The parameter values used for the simulated curves were a 11 , a 22 (given in Table 5 ) and Is = 0.002 s À1 . work, however, this is the first time in which its effects have been thermodynamically quantified.
Photomagnetic and photooptical studies show that the compound undergoes LIESST at low temperature. Relaxation of the sample at different temperatures ( Figure 10) shows that the iron atoms in the lattice can be divided into two groups from the point of view of the magnetic and optical behavior, in agreement with the diffraction results. Related to the two steps in the thermal transition curve, there are two distinctly different slopes seen in the relaxation curves and the first section of the relaxation is faster than the second section.
Structural studies have led to the identification of the first iron center (Fe(5)) to undergo thermal spin crossover. Similar studies carried out at 30 K on the photoexcited state show that Fe(5) is in the LS state, the others remain trapped at the HS state. Thus the Fe(5) center appears to show the lowest activation barrier for the relaxation HS-to-LS and due to the nature of the diffraction experiment relaxes too fast to be measured at 30 K.
A full thermodynamic and kinetic analysis of the spin transitions has been possible from the direct observation of the thermal-and light-induced structural changes associated to each iron(ii) site, which have revealed for the first time the microscopic mechanism of a complex cooperative spin transition in a fascinating material.
Experimental Section
Materials: Fe(BF 4 ) 2 ·6 H 2 O, K[Ag(CN) 2 ] and pmd were purchased from commercial sources and used as received.
Preparation: The material was synthesized by slow diffusion, under an argon atmosphere, of two aqueous solutions containing stoichiometric amounts of Fe(BF 4 ) 2 ·6 H 2 O (0.185 mmol, 2 mL)/pyrimidine (0.374 mmol, 2 mL) in one side and K[Ag(CN) 2 ] (0.374 mmol, 2 mL) in the other side of an H-shaped vessel. Over the following three weeks stable pale-yellow prismatic crystals of {Fe(pmd)(H 2 O)[Ag(CN) 2 ] 2 }·H 2 O (yield ca. 50 %) [9] were formed, together with well defined clumps of flattened yellow needles of {Fe(pmd)[Ag(CN) 2 ][Ag 2 (CN) 3 ]} (yield ca. 10 %). The crystals have a quite different texture and aspect making it easy to separate them by hand. However, systematic separation of the two compounds was performed with the aid of a binocular lens in order to avoid any contamination of the massive samples used for magnetic and calorimetric experiments. Elemental analysis calcd (%) for C 9 H 4 N 7 Ag 3 Fe: C 18.33, H 0.68, N 16.63; found: C 18.52, H 0.73, N 16.49.
Magnetic and photomagnetic measurements: The variable temperature magnetic susceptibility measurements were carried out by using samples (20-30 mg) consisting of small needles of the title compound, using a Quantum Design MPMS2 SQUID susceptometer equipped with a 5.5 T magnet, operating at 1 T and at temperatures from 300-1.8 K. The susceptometer was calibrated with (NH 4 ) 2 Mn(SO 4 ) 2 ·12 H 2 O. Photomagnetic experiments were carried out using a Xe lamp with a 350-800 nm filter system coupled through an optical fiber to the sample chamber of the SQUID susceptometer; the power output was 2 mW cm À2 . Experimental susceptibilities were corrected for diamagnetism of the constituent atoms by the use of Pascals constants.
X-ray single crystal diffraction: Single crystal X-ray diffraction experiments were carried out at 290, 220, 170, and 90 K, by using graphite-monochromated Mo Ka radiation (l = 0.71073 ) on a Bruker SMART-CCD 6000 area detector diffractometer equipped with an Oxford Cryostream N 2 open-flow cooling device. [34] Series of narrow w scans (0.38) were per-formed at several settings in such a way as to cover a sphere of reciprocal space to a maximum resolution of 0.75 . Further datasets were collected from the same crystal, at 30 K and at 30 K after irradiating the crystal with a He/Ne laser for 2 h, by using graphite-monochromated Mo Ka radiation (l = 0.71073 ) on a Bruker SMART-1 K CCD area detector diffractometer equipped with an Oxford Cryosystems Helix He open-flow cryostat. [35] The 10 mW 633 nm laser beam was directed onto the crystal by a combination of mirrors and prisms. [36] Unfortunately all crystals tried to date have been found to be non-merohedral twins and the crystal used for the diffraction experiments described herein is no exception. Cell parameters and corresponding orientation matrices for the two components of the twin were determined separately and refined by using the SMART software. [37] The relationship between the components can be described with the matrix:
which approximately corresponds to a 1808 rotation about the c axis. Integration of the raw intensity data for both components was carried out using SAINT V6.45 A. [38] An absorption correction was performed and reflections merged by using TWINABS V1.05. [39] The structure was solved by direct methods using rough intensities derived from the major twin component. The final refinements at each temperature (including refinement of the twin ratio) were carried out by fullmatrix least squares on F 2 (with SHELXTL), [40] using only reflections containing a contribution from the major component. Crystal data are listed in Table 1 .
Iron and silver atoms were refined with anisotropic displacement parameters, but due to difficulties caused by the twinning, carbon and nitrogen atoms were refined isotropically at all temperatures. In addition, the 30 K structure (prior to irradiation) was refined with several constraints on the Ag, C and N thermal displacement parameters. Hydrogen atoms were positioned geometrically and refined using a riding model. Differential scanning calorimetry (DSC): Calorimetric measurements were performed using a differential scanning calorimeter Mettler Toledo DSC 821 e . Low temperatures were obtained with an aluminium block attached to the sample holder, refrigerated with a flow of liquid nitrogen and stabilized at a temperature of 110 K. The sample holder was kept in a dry box under a flow of dry nitrogen gas to avoid water condensation. The measurements were carried out using around 20 mg of powdered sample sealed in aluminium pans with a mechanical crimp. Temperature and heat flow calibrations were made with standard samples of indium by using its melting transition (429.6 K, 28.45 J g À1 ). An overall accuracy of AE 0.2 K in temperature and AE 2 % in the heat capacity is estimated. The uncertainty increases for the determination of the anomalous enthalpy and entropy due to the subtraction of an unknown baseline.
Visible absorption single crystal spectroscopy: A copper sample holder, with a single crystal of 21 mm thickness mounted to cover an aperture of ca. 0.2 mm diameter, was inserted into a closed cycle cryostat (Oxford Instruments CCC1100T) capable of reaching 11 K with the sample sitting in helium exchange gas for efficient cooling. Full absorption spectra were recorded between 450 and 750 nm by using a home built spectrometer equipped with a CCD camera and light from a 50 W tungsten halogen source. The light level from the lamp was kept well bellow the threshold for any noticeable light-induced spin state conversion.
CCDC-249 686-249 691 contain the supplementary crystallographic data for the paper. These data can be obtained free of charge via www.ccdc. cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB21EZ, UK; fax 1223-336033; or deposit@ccdc.cam.uk).
